Hypokalaemia is prevalent in 20% of hospitalised patients. Furthermore, inadequate management of hypokalemia was identified in 24% of these patients. Associated with significant patient morbidity and mortality, the identification, investigation, and treatment of hypokalaemia was identified as an area for improvement in the management of medical inpatients.
Problem
High incidence of hypokalaemia was noted amongst acute medical inpatients during ward rounds at a 700 bed district general hospital.
Although potassium replacement medication use was widespread, inconsistency in appropriate dosing, drug preparations, and the monitoring of treatment responses was evident.
With no local guidelines on the management of hypokalaemia, informal survey of the junior doctors highlighted uncertainty of appropriate investigation and management within our hospital.
Consequently, haphazard potassium replacement regimes were in place leading to patient safety concerns, especially for inadequate management of dangerously low potassium values. Medication reviews to address potential causes for hypokalaemia were not routine and ECGs infrequently requested to assess for arrhythmic complications in moderate to severe hypokalaemia. Additionally, lack of serum blood monitoring and clear medication review dates increased the risk of patients remaining on potassium replacement beyond acceptable time frames, predisposing to hyperkalaemia.
Service evaluation and quality improvement was required to improve patient safety and standardise the treatment of hypokalaemia.
Background
The normal range of plasma potassium is 3.5 -5.1 mmol/l. Daily potassium requirements of a 70kg male are 70 mmol compared to a 40kg woman who will need 40 mmol. Hypokalaemia is the most common electrolyte abnormality in hospitalised patients. When defined as a value of less than 3.5 mmol/L, hypokalaemia is found in 20% of hospital inpatients, but occurs in only 2% of otherwise healthy adults (1) (2) (3) . Approximately 5% of hospitalised patients with confirmed hypokalaemia have serum potassium concentrations of <3.0 mmol/l (4). Additionally, up to 50% of patients with normal potassium on admission may develop hypokalaemia during their inpatient stay (5).
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Deviations to both extremes (hypo-and hyperkalaemia) are related to an increased risk of cardiac complications. Potassium levels below 3.0 mmol/l may cause significant Q-T interval prolongation with subsequent risk of torsade des pointes, ventricular fibrillation, and sudden cardiac death (6) . Those at particular risk are patients with cardiac ischemia, heart failure, and left ventricular hypertrophy, in whom even mild-to-moderate hypokalaemia increases the likelihood of cardiac arrhythmias (2) . For example, the mortality rate of hospitalised hypokalaemic patients with cardiovascular disease was 10-fold higher than the general hospitalised population (7).
Hypokalaemia can be life-threatening when severe (<2.5 mmol/L) but is usually well tolerated in otherwise healthy people and patients are often asymptomatic. Consequently, the diagnosis is easily missed and recognition of high risk patients, frequent laboratory monitoring, and prompt treatment is essential to reduce the incidence of hypokalaemic complications (8) . Risk of hypokalemia in patients taking diuretics is higher in the elderly and enhanced by concomitant illness, such as heart failure or nephrotic syndrome (9) .
Latrogenic causes are also important to consider. Of patients taking non-potassium-sparing diuretics, 10% to 40% develop hypokalemia (9) . Other morbidities associated with a higher incidence of hypokalemia include; 21% of hospitalised patients with AIDS, 12.6% of hospitalised patients with alcoholism, and patients after bariatric surgery (10) (11) (12) .
Inadequate management of hypokalaemia is identified in 24% of hospitalised patients (13) . Common complications associated with severe hypokalaemia include thirst (43%), paraesthesias (38%), muscle weakness (14%), and muscle cramps (7%) (4). The incidence of ventricular fibrillation has also been found to be fivefold higher in patients with hypokalaemia than in patients with hyperkalaemia (14) . As a potentially life threatening condition, quality care of patients with hypokalaemia is paramount. With patient safety concerns identified in our hospital, quality improvement of hypokalaemia management was necessary to guide staff professional development and improve patient outcomes.
Baseline measurement
Data was collected for all medical inpatients at a district general hospital, comprising 8 acute inpatient medical wards and an emergency department (ED) managing over 30,000 cases per year.
The hospital serves a catchment area of over half a million residents, many of whom are over 65 years of age. All medical inpatients over a one week period who met the criteria for hypokalaemia (serum potassium <3.5 mmol/L on standard biochemical sample) were included in the audit. Patients were identified, prior to data collection, by obtaining a daily list of medical inpatients with confirmed serum potassium of less than or equal to 
Design
It was obvious that improvement in the management of hypokalaemia was necessary. There were two important factors highlighted during the audit. One was the lack of an available trust guideline on the management of hypokalaemia coupled with the lack of understanding of appropriate medication doses for mild, moderate, and severe deficiencies. Review of guidelines for the management of hypokalaemia in adults available at other NHS trusts helped guide creation of a suitable treatment algorithm and designation of an appropriate review date (3 years) (15, 16) .
Second was the understanding of the appropriate investigations to order when a diagnosis of hypokalaemia is confirmed and also the importance of monitoring the effect of treatment on serum potassium levels. This also includes clarifying a date for review of newly started medications. To target the above problems, the following solutions were implemented: Identification of appropriate management options for different levels of hypokalaemia and administration of correct medication doses also showed improvement but, unfortunately, despite demonstrable improved understanding of hypokalaemia management options, medication reviews were largely unchanged between the groups.
The re-audit conducted after three months, starting from May 2014 also showed sustainable improvement. In total 60 sets of patients notes coded as 'hypokalaemia' were identified and retrospectively reviewed. We decided to use coded notes to gain a higher number of cases for analysis and a retrospective approach to ensure the junior doctor base was the same, as job changeovers were due to occur at the time of re-audit. This also helped limit bias towards 
Lessons and limitations
We have learnt that junior doctors can instigate important change to clinical practice with small but well considered interventions. This audit has highlighted the importance of evidence based medicine and how it must continually evolve to shape and develop future practice. It was evident that with a structured teaching programme aimed at a range of healthcare professionals coupled with a clear and accessible management guideline that the investigation and treatment of hypokalaemia could be dramatically improved. It is hoped that with continued training and modification of the interventions developed during this audit that the management of hypokalaemia will continue to progress in this hospital.
Furthermore, involvement of nurses and pharmacists in this process has helped to encourage doctors to challenge their own practice further and highlight the benefit of hollistic, MDT-led patient management.
Limitations of this project include small sample sizes and the lack of data regarding management of severe hypokalaemia. Potassium levels <2.5 mmol/L are uncommon (17) and we have been unable to review how effectively these patients are managed with appropriate therapeutic interventions and escalation of care.
However, given the results of this audit we anticipate good compliance with the treatment algorithm when managing severe hypokalaemia. Additionally, we have not explored the rates of complications in those patients who were managed differently to the treatment guideline. We recognise that the surgical and HDU/ICU wards were not included in this audit and this allows for future expansion of the project at a later date. Low levels of potassium in post-operative patients are common and patients with large and continuous fluid loss from the gastrointestinal tract are prone to develop hypokalaemia (18) . Mechanical bowel preparations also contribute to a high incidence of hypokalaemia on the surgical wards (18) . Furthermore, adverse effects of anaesthesia in patients with hypokalaemia have always been a particular clinical concern amongst anaesthetists, and pre-operative serum potassium values of less than 3.5 mmol/L are associated with a higher incidence of arrhythmias than pre-operative levels above 3.5 mmol/L (19).
Therefore both surgical and anaesthetic specialities would make for interesting sub-analysis in the future.
Following this study, all junior doctors in our hospital will receive a tutorial on the management of hypokalaemia at the start of the working year. They will also receive a copy of the management guideline and information on its intranet location.
Conclusion
Through implementation of multiple interventions to improve awareness and understanding of the investigations, treatment, and monitoring of the hypokalaemic patient, we have achieved a notable improvement in management. The repeat audit has shown that the changes initiated in the post-intervention group have been maintained. This may promote better outcomes for hypokalaemic patients, reduction in complications, and a shorter treatment duration.
